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DATA PROCESSING METHOD AND
SOLID-STATE IMAGE PICKUP DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a data processing method
that binarizes a data signal output from a delay circuit and a
solid-state 1image pickup device using the method.

Priority 1s claimed on Japanese Patent Application No.
2010-0234R%7, filed Feb. 4, 2010, the content of which 1s
incorporated herein by reference.

2. Description of the Related Art

All patents, patent applications, patent publications, scien-
tific articles, and the like, which will hereinatfter be cited or
identified 1n the present application, will hereby be mcorpo-
rated by reference 1n their entirety in order to describe more
tully the state of the art to which the present invention per-
tains.

FIG. 14 1s a view 1illustrating a portion of an analogue-
digital (A/D) converter circuit for counting of a time, 1.e., a
so-called Time to Digital Converter (TDC) type A/D con-
verter circuit 1n accordance with the related art. The circuit
illustrated 1n FIG. 14 includes an annulus ring delay circuit
201, which includes a plurality of inverting elements
(NANDO, INV1 through INV8) which are connected to each
other so as to be formed 1nto a ring shape, a latch circuit 202,
which holds outputs from the annulus ring delay circuit 201,
a binarizing circuit (i.e., a full-encoder circuit) 203, which
binarizes values held by the latch circuit 202, a counter circuit
204, which counts with respect to one of the outputs from the
annulus ring delay circuit 201 as a count clock, and a memory
circuit 205, which holds an output from the binarizing circuit
203 and an output from the counter circuit 204.

The A/D conversion operation in accordance with the
related art will be described below. FIG. 15 1s a view 1illus-
trating an operation timing of the circuit illustrated 1n FI1G. 14.
A logic state of a start pulse StartP changes from an L-state to
an H-state, thereby logic states of the mverting elements
included 1n the annulus ring delay circuit 201 sequentially
change. Accordingly, pulses surround around the annulus
ring delay circuit 201. After a predetermined time period, the
latch circuit 202 holds (latches) the outputs from the annulus
ring delay circuit 201. As illustrated 1n FIG. 15, the outputs
from the annulus ring delay circuit 201, respectively, corre-
spond to any one of 18 states (1.¢., a state 0 through a state 17).
The outputs from the annulus ring delay circuit 201 held (1.e.,
latched) by the latch circuit 202 are fully encoded (i.e., par-
allelly encoded) by a binarizing circuit 203 to generate binary
encoded data (1.e., a lower counter value). The counter circuit
204 performs counting of the output of an inverting element
INV8 as a count clock, thereby generating a count value (1.e.,
an upper counter value). The lower counter value and the
upper counter value are stored 1n a memory circuit 205 to be
output to the subsequent circuit 1n the form of digital data.

A typical data processing method in accordance with the
related art includes a method that a data signal 1s fully
encoded (i.e., parallelly encoded) by using a full-encoder
circuit (heremafter referred to as the “encoder circuit™). In
this method, an output of each of the mnverting elements
included in the delay circuit 1s parallelly mput into the
encoder circuit and, based on a logic state thereof, binary
encoded data 1s generated.

The above-described A/D converter circuit 1s applied to,
for example, a solid-state 1mage pickup device. Japanese
Unexamined Patent Application, First Publication No. 2005-
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347931 discloses an A/D converter circuit that 1s arranged for
cach of rows of pixels 1n order to perform an A/D conversion

outputs from the pixels.

In the above-described fully-encoding type data process-
ing method, the necessary number of input terminals 1n the
encoder circuit corresponds to the number of data signals.
More specifically, 1n a case of obtaining 2-bit binary encoded
data, 4 input terminals are required. In a case ol obtaining
4-bit binary encoded data, 16 mput terminals are required.
Consequently, 1t 1s required to prepare the number of signal
lines corresponding to the number of input terminals 1n order
to connect the latch circuit with the encoder circuit. In a case
where the encoder circuit for outputting the 4-bit binary
encoded data 1s mstalled 1n, for example, a so-called column
unit, having an area including narrow pitches, of the solid-
state 1image pickup device, the encoder circuit is required to be
built-in with pitches approximately equal to pixel pitches
(1.e., equal to or less than a several um).

SUMMARY

A data processing method may perform a differential pro-
cessing between a first data signal and a second data signal
based on an output of a delay circuit, the delay circuit includ-
ing a plurality of inverting elements that are connected to each
other. The data processing method may include: counting, by
an upper counting unit, one of a plurality of clock signals
output from the delay circuit with a first mode, the first mode
being either one of a down-count mode and an up-count
mode; counting, by a lower counting unit, clock signals based
on a predetermined number of the plurality of clock signals
output from the delay circuit with the first mode, to output a
first clock signal to the upper counting unit every time a
counter value becomes a first predetermined value; counting,
by the upper counting unit, the first clock signal from the
lower counting unit with the first mode; counting, by the
upper counting unit, one of the plurality of clock signals
output from the delay circuit with a second mode, the second
mode being the other one of the either one of the down-count
mode and the up-count mode, while the value counted with
the first mode 1s considered as a first initial value; counting, by
the lower counting unit, clock signals based on the predeter-
mined number of the plurality of clock signals output from the
delay circuit with the second mode, to output a second clock
signal to the upper counting unit every time the counter value
becomes a second predetermined value while the value
counted with the first mode 1s considered as a second 1nitial
value; counting, by the upper counting unit, the second clock
signal from the lower counting unit with the second mode;
and outputting the counter values counted by the upper count-
ing unit and the lower counting unit with the second mode as
difference data between the first data signal and the second
data signal.

A data processing method may include: latching, by a latch
circuit, a predetermined number of clock signals output from
a delay circuit comprising a plurality of mverting elements,
which are connected each other, as data signals; performing
sequentially, while one of the latched data signals 1s consid-
ered as a main latch signal, one of an exclusive-OR operation
and an nonexclusive-OR operation between the main latch
signal or an mverted main latch signal and the other data
signals by a calculation circuit; outputting one of a first value
and a second value as a counter value based on the main latch
signal, the first value being obtained such that a counter
circuit performs counting of the results of one of the exclu-
stve-OR operation and the nonexclusive-OR operation, the
second value being the sum of the first value and a third value,
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the third value being obtained such that the counter circuit
performs counting of the predetermined number of clock
signals.

The delay circuit may be an annulus ring delay circuit
comprising the plurality of imnverting elements that are con-
nected each other so as to form an annular shape.

A data processing method may include: latching, by a latch
circuit, a predetermined number of clock signals output from
a delay circuit comprising a plurality of mverting elements
that are connected each other as data signals; performing
sequentially, by a calculation circuit, while one of the latched
data signals 1s considered as a main latch signal, one of an
exclusive-OR operation and an nonexclusive-OR operation
between either one of odd-numbered data signals and even-
numbered data signals based on an connection order of the
inverting elements or inverted signals of the data signals of the
other one of the odd-numbered data signals or the even-
numbered data signals and the main latch signal or an inverted
main latch signal; and outputting one of a first value and a
second value as a counter value based on the main latch
signal, the first value being obtained such that a counter
circuit performs counting of the results of one of the exclu-
stve-OR operation and the nonexclusive-OR operation, the
second value being the sum of the first value and a third value,
the third value being obtained such that the counter circuit
performs counting of the predetermined number of clock
signals.

The delay circuit may be an annulus ring delay circuit
comprising the plurality of inverting elements that are con-
nected each other so as to form an annular shape.

The data processing method may perform differential pro-
cessing between a {irst data signal and a second data signal
based on outputs of the delay circuit. The data processing,
method may further include: counting, by the counter circuit,
with either one of a down-count mode and an up-count mode
in count processing of the first data signal; and outputting, 1n
the counting processing of the second data signal, a counter
value as difference data between the first data signal and the
second data signal after the counter circuit performs counting
with the other one of the either one of the down-count mode
and the up-count mode while the value counted with the one
of the modes 1s considered as an 1nitial value.

The data processing method may further include: perform-
ing the counting with the down-count mode and the up-count
mode, an up-down counter capable of switching modes being
shared between the down-count mode and the up-count
mode, a processing mode of the up-down counter being
switched to perform the counting.

A solid-state image pickup device may include: an 1mage
capturing unit comprising a plurality of pixels, which output
pixel signals based on the amount of incident electromagnetic
waves, arranged 1n a matrix shape; a reference signal genera-
tion unit configured to generate a reference signal that
increases or decreases through time; a comparison unit con-
figured to perform a comparison between the pixel signals
output from the pixels and the reference signal, which are to
be A/D converted, and ends the comparison at a timing that
the reference signal satisfies a predetermined condition with
respect to the pixel signals; a delay circuit having a plurality
of mverting elements; an upper counting umt configured to
perform counting of clock signals from the delay circuit; a
lower latching unit configured to latch a predetermined num-
ber of clock signals output from the delay circuit at a timing,
based on the end of the comparison processing; and a lower
counting unit configured to perform counting of clock signals
based on the predetermined number of the clock signals
latched by the lower latching unit.
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A data processing method, which 1s performed by the
upper counting unit and the lower counting unit, may include:
counting, by the upper counting unit, one of a plurality of
clock signals output from the delay circuit with a first mode,
the first mode being either one of a down-count mode and an
up-count mode; counting, by the lower counting unit, clock
signals based on a predetermined number of the plurality of
clock signals that 1s latched by the lower latching unit with the
first mode, to output a first clock signal to the upper counting
unit every time a counter value becomes a first predetermined
value; counting, by the upper counting unit, the first clock
signal from the lower counting unit with the first mode; count-
ing, by the upper counting unit, one of the plurality of clock
signals output from the delay circuit with a second mode, the
second mode being the other one of the either one of the
down-count mode and the up-count mode, while the value
counted with the first mode 1s considered as a first initial
value; counting, by the lower counting unit, clock signals
based on the predetermined number of the plurality of clock
signals that 1s latched by the lower latching unit with the
second mode, to output a second clock signal to the upper
counting unmit every time the counter value becomes a second
predetermined value while the value counted with the first
mode 1s considered as a second 1nitial value; counting, by the
upper counting unit, the second clock signal from the lower
counting unit with the second mode; and outputting the
counter values counted by the upper counting unit and the
lower counting unit with the second mode as difference data
between the first data signal and the second data signal that
are based on the output from the delay circuit according to the
pixel signals.

The pixel signals may include a reference level and a signal
level. The first data signal 1s based on an output of the delay
circuit according to either one of the reference level and the
signal level. The second data signal i1s based on an output of
the delay circuit according to another one of the reference
level and the signal level.

A data processing method, which 1s performed by the
lower counting unit, may include: latching, by the lower
latching unit, a predetermined number of clock signals output
from the delay circuit as data signals; performing sequen-
tially, while the predetermined number of the plurality of
clock signals, which are latched by the lower latching unit, are
considered as data signals and one of the data signals is
considered as a main latch signal, one of an exclusive-OR
operation and an nonexclusive-OR operation between the
main latch signal or an inverted main latch signal and the
other data signals by a calculation circuit; outputting one of a
first value and a second value as a counter value based on the
main latch signal, the first value being obtained such that a
counter circuit performs counting of the results of one of the
exclusive-OR operation and the nonexclusive-OR operation,
the second value being the sum of the first value and a third
value, the third value being obtained such that the counter
circuit performs counting of the predetermined number of
clock signals.

The delay circuit may be an annulus ring delay circuit
comprising the plurality of inverting elements that are con-
nected each other so as to form an annular shape.

A data processing method, which 1s performed by the
lower counting unit, may include: latching, by the lower
latching unit, a predetermined number of clock signals output
from the delay circuit as data signals; performing sequen-
tially, by a calculation circuit, while the predetermined num-
ber of the plurality of clock signals, which are latched by the
lower latching unit, are considered as data signals and one of
the data signals 1s considered as a main latch signal, one of an
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exclusive-OR operation and an nonexclusive-OR operation
between either one of odd-numbered data signals and even-

numbered data signals based on an connection order of the
inverting elements or inverted signals ol the data signals of the
other one of the odd-numbered data signals or the even-
numbered data s1ignals and the main latch signal or an inverted
main latch signal; and outputting one of a first value and a
second value as a counter value based on the main latch
signal, the first value being obtained such that a counter
circuit performs counting of the results of one of the exclu-
stve-OR operation and the nonexclusive-OR operation, the
second value being the sum of the first value and a third value,
the third value being obtained such that the counter circuit
performs counting of the predetermined number of clock
signals.

The delay circuit may be an annulus rnng delay circuit
comprising the plurality of mverting elements that are con-
nected each other so as to form an annular shape.

The pixel signals may include a reference level and a signal
level, and performs data processing of the data signals based
on the output of the delay circuit according to the reference
level and the signal level.

The data processing method may perform differential pro-
cessing between a first data signal and a second data signal
based on outputs of the delay circuit, the first data signal being
based on an output of the delay circuit according to either one
of the reference level and the signal level, the second data
signal being based on an output of the delay circuit according
to another one of the reference level and the signal level. The
data processing method may further include: counting, by the
counter circuit, with either one of a down-count mode and an
up-count mode 1n count processing of the first data signal; and
outputting, 1n the counting processing of the second data
signal, a counter value as difference data between the first
data signal and the second data signal after the counter circuit
performs counting with the other one of the either one of the
down-count mode and the up-count mode while the value
counted with the one of the modes 1s considered as an 1nitial
value.

[l

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will be more apparent from the following description of cer-
tain preferred embodiments taken 1n conjunction with the
accompanying drawings, 1n which:

FIG. 1 1s a reference view illustrating a data processing
method 1n accordance with a first preferred embodiment of
the present invention;

FIG. 2 1s a block diagram 1llustrating a configuration of a
data processing unit 1n accordance with the first preferred
embodiment of the present invention;

FI1G. 3 1s a ttiming chart illustrating an operation of the data
processing unit in accordance with the first preferred embodi-
ment of the present invention;

FIG. 4 1s a timing chart 1llustrating another operation of the
data processing unit 1n accordance with the first preferred
embodiment of the present invention;

FIG. 5 1s a reference view illustrating a data processing
method 1n accordance with a second preferred embodiment of
the present invention;

FIG. 6 1s a block diagram 1llustrating a configuration of the
data processing unit in accordance with the second preferred
embodiment of the present invention;

FI1G. 7 1s a timing chart illustrating an operation of the data
processing unit 1n accordance with the second preferred
embodiment of the present invention;
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FIG. 8 1s a timing chart 1llustrating another operation of the
data processing unit in accordance with the second preferred
embodiment of the present invention;

FIG. 9 1s a block diagram 1llustrating a configuration of a
data processing unit 1n accordance with a third preferred
embodiment of the present invention;

FIG. 10 15 a block diagram 1llustrating another configura-
tion of the data processing unit 1n accordance with the third
preferred embodiment of the present invention;

FIG. 11 1s a timing chart illustrating an operation of the
data processing unit 1n accordance with to the third preferred
embodiment of the present invention;

FIG. 12 1s a timing chart 1llustrating another operation of
the data processing unit in accordance with the third preferred
embodiment of the present invention;

FIG. 13 1s a block diagram 1llustrating a configuration of a
solid-state 1image pickup device 1n accordance with a fourth
preferred embodiment of the present invention;

FIG. 14 1s a block diagram partially 1llustrating a configu-
ration of the A/D converter circuit 1n accordance with the
related art; and.

FIG. 15 1s a ttiming chart illustrating the operation of the
data processing unit 1n accordance with the related art.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be now described herein with
reference to 1llustrative embodiments. Those skilled 1n the art
will recognize that many alternative embodiments can be
accomplished using the teaching of the present invention and
that the present invention 1s not limited to the embodiments
illustrated for explanatory purpose.

First Preferred embodiment

A first preferred embodiment of the present invention will
be described below. FIG. 11s a view 1llustrating an example of
a data processing method 1n accordance with the first pre-
terred embodiment of the present invention. Hereinafter, a
description 1s made with reference to FIG. 1. An annulus ring
delay circuit for realizing the data processing method 1llus-
trated 1n FIG. 1 will be described provided that the annulus
ring delay circuit has a configuration identical to that of an
annulus ring delay circuit 201 illustrated in FIG. 14. However,
the configuration of the annulus ring delay circuit i1s not
necessarily limited to this configuration.

“(1)” of FIG. 1 1illustrates logic states (1.e., a logic state of
cach of data signals) 1n each state (1.¢., states O through 17) of
clock signals (i.e., CKO through CK8) of a predetermined
number (e.g., 9 1n this case), the clock signals being output
from the annulus ring delay circuit.

“(2)” of FIG. 1 1llustrates a logic state of a signal XCK8
which 1s an mverted signal of CK8 as a main latch signal.

“(3)” of F1G. 1 1llustrates results of an exclusive-OR opera-
tion between the signal CK8 or the signal XCK8 and the
signals CKO0 through CK7 as latch signals other than the
signal CK8 and the signal XCKS.

“(3)” of FIG. 1 illustrates counter values obtained by per-
forming counting of the results of the exclusive-OR operation
illustrated 1 “(3)” (in this case, the number of H-states).
These counter values are different for each state (1.e., any one
of the states O through 8) 1n each of the first half states (i.e.,
states O through 8) and the last half states (1.¢., states 9 through
1'7) of data signals.

“(4)” of FIG. 1 illustrates results of the exclusive-OR
operation between the signal XCKS8 and a ground GND (1.e.,
an L-state).
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“(4)” of FIG. 1 1illustrates counter values obtained by per-
forming counting of a predetermined number (1.e., 9 times 1n
this case) of the results of the excusive-OR operation in “(4)”
(1.e., the number of H-states in this case). This means that 1n
which states the data signal 1s between the first half states (1.¢.,
the states O through 8) and the last half states (i.e., the states 9
through 17) 1s determined by a state (1.e., H/L-state) of (an
inverted signal of) the main latch signal in each of the states
(1.e., the states 0 through 17). In a case where the data signal
1s 1n the first half states (i.e., the states O through 8), the
counter values become 0, whereas, 1n a case where the data
signal 1s 1n the last half states (1.¢., the states 9 through 17), the
counter values become 9.

“(5)Y” of F1G. 1 1llustrates counter values obtained by sum-
ming the counter values of “(3)"” and the counter values of
“(4)”.InFIG. 1, a case where the counting 1s performed with
an up-count mode 1s described, so that the counter value
becomes 0, for example, in state 0, and the counter value
becomes 17, for example, 1n state 17. As described above, the
counter values 1llustrated 1n “(5)” become values unique to
cach of the states 0 through 17. With respect to the states O
through 8, since the results of the exclusive-OR operation in
“(4)” are 0, the counter values 1 “(5)” are equivalent to the
counter values 1n *“(3)”. In other words, with respect to the
states 0 through 8, outputting of the counter values 1n *(5)” 1s
equivalent to outputting of the counter values 1n “(3)”.

FIG. 2 1llustrates an example of a specific circuit configu-
ration for realizing the data processing method of FIG. 1. The
circuit configuration of FIG. 2 will be described below.

A data processing unit 21 illustrated in FIG. 2 binarnizes
data signals as clock signals output from the annulus ring
delay circuit. The data processing unit 21 includes latch cir-
cuits D_0 through D_8 for latching the predetermined num-
ber of clock signals CK0 through CK8 output from the annu-
lus ring delay circuit, a selection circuit MUX for switching
an output (Q/XQ) of the latch circuit D_8, a calculation
circuit XOR for performing an exclusive-OR operation, a
calculation circuit AND for performing AND operation that
performs counting of results of the exclusive-OR operation,
and a counter circuit C capable of performing the counting 1n
both modes such as an up-count mode and a down-count
mode.

The Most Significant Bit (MSB) of the counter circuit C 1s
a flag bit for determining a positive state or a negative state.
Based on a control signal Hold to be mput into the latch
circuits D_0 through D_8, logic states of the clock signals
CKO through CK8 at a time at which the predetermined
condition 1s satisfied are latched. Any one of the outputs Q of
the latch circuits D_0 through D_7 and a ground GND 1s
output to one ol input terminals of the calculation circuit XOR
by using control signals SW0~SW8 of switches. The output
(Q/XQ) of the latch circuit D_8 15 selected to be output by a
control signal SEL of the selection circuit MUX. The counter
circuit C 1s reset by a control signal RST of the counter circuit
C. An operation mode of the counter circuit C 1s switched by
a control signal MODE. A counting operation of the counter
circuit C 1s controlled by a control signal CNT of the calcu-
lation circuit AND. Accordingly, counter values can be
obtained based on states (1.e., states 0 through 17) of data
signals. In a case where the operation mode 1s switched, 1n
order to avoid discontinuity (1.e., destruction) of data (possi-
bly) generated at a time of switching the operation mode, the
counter circuit C preferably includes a counter circuit having,
for example, a data storage function.

An operation of the data processing unit 21 will be
described with reference to a specific example. It 1s provided
that a first data signal 1s 1n a state 15 and a second data signal
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1s 1n a state 3, respectively. In the first data signal, CKO:
H-state/CK1: L-state/CK2: H-state/CK3: L-state/CK4:

H-state/CKS: L-state/CK6: L-state/CK7: H-state/CKS:
L-state. In the second data signal, CK0: L-state/CK1: H-state/
CK2: L-state/CK3: L-state/CK4: H-state/CKS: L-state/CK6:
H-state/ CK7: L-state/CK8: H-state. FIGS. 3 and 4, respec-
tively, illustrate an operation of the data processing unit 21.
Initially, an operation illustrated in FIG. 3 1s performed, fol-
lowed by an operation illustrated in FIG. 4. The logic states of
the clock signals CK0 through CK8 are latched as data signals
by the latch circuits D_0 through D_8, respectively, based on
a control signal Hold before the following operation 1s per-
formed.

First, the first data signal 1s processed. Initially, the control
signal MODE 1s set to an H-state. Accordingly, the counter
circuit C performs the counting with a down-count mode.
Subsequently, the control signal RST 1s set to an H-state.
Accordingly, a counter value of the counter circuit C 1s reset
to 0. Subsequently, the control signal SEL 1s set to an L-state
and thereby the control signals SW0, SW2 SW4, and SWé are
sequentially turned ON. The calculation circuit XOR per-
forms the exclusive-OR operation between the main latch
signal CK8 and the clock signals CK0, CK2, CK4, and CKa6,
respectively. Then, the counter circuit C performs counting of
the results thereot (i.e., the number of H-states). The counter
value at the moment 1s -3.

Then, the control signal SEL 1s set to an H-state and
thereby, the control signals SW1, SW3, SW5, and SW7 are
sequentially turned ON.

The calculation circuit XOR performs the exclusive-OR
operation between a signal XCKS8 that 1s an inverted signal of
the main latch signal CK8 and the clock signals CK1, CK3,
CKS, and CK7, respectively. Then, the counter circuit C
performs counting of the results thereof (1.¢., the number of
H-states). The counter value at the moment 1s —6. Finally, the
control signal SW8 i1s turned ON. The calculation circuit
XOR performs the exclusive-OR operation between the sig-
nal XCK 8 and the ground GND. Then, the counter circuit C
performs counting of the results thereof (1.e., H-states) 9
times. The counter value at the moment 1s -15. In a case
where the data processing 1s performed only with respect to
the first data signal, the counter value at the moment 1s output
from the counter circuit C.

Now, the second data signal 1s processed. Initially, the
control signal MODE 1s set to an L-state. Accordingly, the
counter circuit C performs the counting with the up-count
mode. Since a reset operation based on the control signal RST
1s not performed, an 1nitial value of the counter value of the
counter circuit C 1s left to —15. The control signal SEL 1s set
to an L-state and thereby, the control signals SW0, SW2,
SW4, and SW6 are sequentially turned ON. The calculation
circuit XOR performs the exclusive-OR operation between
the main latch signal CK8 and clock signals CK-, CK2, CK4,
and CK®6, respectively. Then, the counter circuit C performs
counting of the results thereof (1.e., the number of H-states).
The counter value at the moment 1s —13.

Subsequently, the control signal SEL 1s set to an H-state,
and thereby the control signals SW1, SW3, SW5, and SW7
are sequentially turned ON.

The calculation circuit XOR performs the exclusive-OR
operation between the signal XCKS8 that 1s the inverted signal
of the main latch signal CK8 and the clock signals CK1, CK3,
CKS, and CK7, respectively. Then, the counter circuit C
performs counting of the results thereof (1.¢., the number of
H-states). The counter value at the momentis —12. Finally, the
control signal SW8 i1s turned ON. The calculation circuit
XOR performs the exclusive-OR operation between the sig-
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nal XCK8 and the ground GND. Then, the counter circuit C
performs counting of the results (i.e., the H-states) 9 times.
The counter value 1s defined to —12. The result of the excu-
stve-OR operation between the signal XCKS8 and the ground
GND 1s 0 (1.e., the L-state) so that no increase/decrease of the
counter value due to the 9-time counting of the results of the
exclusive-OR operation between the signal XCK8 and the

il

ground GND occurs. Accordingly, data “—12” as aresult of a
differential processing between a state 15 as the first data
signal and a state 3 as the second data signal can be acquired.
The counter circuit C outputs the counter value indicative of
the differential processing result.

In the above description, the exclusive-OR operation 1s
performed; however, instead of the calculation circuit XOR, a
circuit for performing a nonexclusive-OR operation may be
arranged and an output of the circuit may be mverted to be
input ito the calculation circuit AND. However, a configu-
ration of the circuit 1s not limited to the above-described one.

In the first preferred embodiment of the present invention,
the counting of the results of the exclusive-OR operation
enables an obtainment of the counter value for each of the
states. Further, the exclusive-OR operation 1s performed 1n a
time divisional manner and results thereof are sequentially
input into the counter circuit C. As a result thereof, the num-
ber of signal lines to be provided for the purpose of connect-
ing the latch circuit with the encoder circuit can be reduced.
For example, if 1t 1s considered that the encoder circuit
includes the selection circuit MUX, the calculation circuit
XOR, the calculation circuit AND, and the counter circuit C
of FIG. 2, a combination of 2 signal lines for transmitting an
output of a latch circuit D_8 to the selection circuit MUX and
a single signal line for transmitting outputs of the latch circuit
D_0 through D_8 to the calculation circuit XOR can be used
in connecting the latch circuit with the encoder circuit. The
number of signal lines can be reduced than the number of
signal lines in FI1G. 14. Because in FI1G. 14, the number of
signal lines that connects between the latch circuit 202 and the
binarizing circuit 203 1s 9. Within the binarizing circuit 203,
a circuit including a combination of at least a nonconjunction
(NAND) circuit or a nondisjunction (NOR) circuit, and an
inverter circuit 1s arranged for each of the clock signals CK0
through CK8. However, the encoder circuit of FIG. 2 has a
more simple circuit configuration. In view of the above, the
present invention can reduce the circuit size of the A/D con-
verter circuit.

Second Preferred embodiment

A second preferred embodiment of the present invention
will be described below. FIG. 5 1llustrates an example of a
data processing method 1n accordance with the second pre-
terred embodiment of the present invention. A description 1s
made below with reference to FIG. 5. A description 1s made
provided that the annulus ring delay circuit that realizes the
data processing method 1llustrated 1n FIG. 5 has a configura-
tion 1dentical to that of the annulus ring delay circuit 201
illustrated 1n FIG. 14. However, the configuration of the annu-
lus ring delay circuit 1s not necessarily limited to the above-
described configuration.

“(1)” of F1G. 5 1llustrates a logic state (1.€., a logic state of
cach of the data signals) of each of the states (1.¢., the states O
through 17) of the clock signals (CK0 through CK8) of the
predetermined number (1.¢., 9 1n this case) as the outputs of
the annulus ring delay circuit. A signal XCK™* 1s a signal that
a logic state of CK* (* can be replaced with any one of O, 2,
4, or 6) 1s mverted.

“(2)” of FIG. 5 1llustrates a logic state of a signal XCKS,
1.€., an 1nverted signal of the main latch signal CKS.
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“(3)” of FIG. 5 illustrates results of the exclusive-OR
operation between the signal XCKS8 and the latch signal other
than the signal XCKS8 or inverted latch signals XCK0, CK1,
XCK 2, CK3, XCK4, CK5, XCK6 or CK7.

“(3)” of FIG. 5 1llustrates counter values obtained by per-
forming counting of the results of the exclusive-OR operation
in “(3)” (1.e., the number of H-states in this case). These
counter values are different from each other 1n every state
(1.e., any one of 0 through 8) in each of the first-half states
(1.e., the states O through 8) and the last-half states (i.e., the
states 9 through 17) of the data signals.

“(4)” of FIG. 5 1llustrates the results of the exclusive-OR
operation performed between the signal XCK8 and the
ground GND (i.e., the L-state).

“(4)” of FIG. 5 illustrates counter values obtained by per-
forming counting of the predetermined number (1.¢., 9 times
in this case) of results (1.e., the number of H-states 1n this case)
of the exclusive-OR operation 1n “(4)”. "

. This means that an
operation of the state (1.e., the H/L state) of the (inverted)
main latch signal in each of the states (1.¢., 1n each ol the states
0 through 17) results 1n searching which state the data signal
1s 1n the first-half states (i.e., the states O through 8) or 1n the
last-half states (1.e., the states 9 through 17). The counter
values become 0 1n a case where the data signals are in the
first-half states (i.e., the states O through 8), whereas, the
counter values become 9 1n a case where the data signals are
in the last-half states (1.e., the states 9 through 17).

“(5)” of FIG. 5 1llustrates counter values of the sum of the
counter values 1n “(3)"” and the counter values 1n “(4)"”. In
FIG. 5, a case that the counting 1s performed with the up-
count mode 1s 1illustrated. For example, the counter value
becomes 0 1n a case where the state 1s 0 and the counter value
becomes 17 1n a case where the state1s 17.

As described above, each of the counter values of “(5)”
becomes a unique value for each of the states 0 through 17.
Here, with respect to the states 0 through 8, since the results
of the exclusive-OR operation are 0, the counter values of
“(5)” are equivalent to the counter values of “(3)”. More
specifically, with respect to the states O through 8, outputting
of the counter values 1n “(5)” 1s equivalent to outputting of the
counter values 1n “(3)”.

FIG. 6 illustrates an example of a specific circuit configu-
ration for realizing the data processing method of FIG. 5. The
circuit configuration of the second preferred embodiment of
the present invention will be described below.

A data processing umt 22 1illustrated 1n FIG. 6 binarizes a
data signal as a clock signal output from the annulus ring
delay circuit. The data processing unit 22 includes a latch
circuits D_0 through D_8 for latching a predetermined num-
ber of clock signals CK0 through CKS8 that are output from
the annulus ring delay circuit, a calculation circuit XOR for
performing an exclusive-OR operation, a calculation circuit
AND for performing an AND operation that performs count-
ing of results of the exclusive-OR operation, and a counter
circuit C capable of performing the counting with both modes
such as an up-count mode and a down-count mode.

The most significant bit (MSB) of a counter circuit C 1s a
flag bit for determining a positive state or a negative state. A
control signal Hold to be input into each of the latch circuits
D_0 through D_8 latches a logic state of each of the clock
signals CK0 through CK8 at the moment when a predeter-
mined condition 1s satisfied. Control signals SW0 through
SW8 of a switch output either one of outputs Q/X(Q of the
latch circuits D_0 through D_7 and a ground GND to one of
the input terminals of the calculation circuit XOR. A control
signal RST of the counter circuit C resets the counter circuit
C. A control signal MODE switches an operation mode of the
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counter circuit C. A control signal CNT of the calculation
circuit AND controls a counting operation of the counter
circuit C. Accordingly, counter values can be obtained based
on the states (1.e., based on the states O through 17) of the data
signals. In a case where a user switches the operation mode, 1n
order to avoid the (possible) discontinuity (i.e., destruction)
of data that occurs upon switching the operation mode, 1t 1s
preferable that the counter circuit includes, for example, the
data storage function.

A specific example of an operation of the data processing
unit 22 will be described below. The first data signal 1s set to
a state 15 and the second data signal 1s set to a state 3. In the
first data signal, XCKU0: L-state/CK1: L-state/XCK2: L-state/
CK3: L-state/XCK4: L-state/CKS: L-state/XCK6: H-state/
CK7: H-state/XCKS8: H-state. In the second data signal,
XCKUO0: H-state/CK1: H-state/XCK2: H-state/CK3: L-state/
XCK4: L-state/CKS: L-state/XCK6: L-state/CK7: L-state/
XCKS: L-state. FIGS. 7 and 8, respectively, illustrate an
operation of the data processing umit 22. Initially, an operation
illustrated 1n FI1G. 7 1s performed, followed by an operation
illustrated FIG. 8. Before the following operation 1s per-
tormed, the control signal Hold latches the logic states of the
clock signals CKO through CKS8 1n the latch circuits D_0
through D_8 in the form of data signals.

Now, the first data signal 1s processed. Initially, a control
signal MODE 1s set to an H-state. Accordingly, the counter
circuit C performs counting with the down-count mode. Sub-
sequently, the control signal RST 1s set to an H-state. Accord-
ingly, the counter value of the counter circuit C 1s reset to 0.
Subsequently, the control signals SWO0 through SW7 are
sequentially turned ON. The calculation circuit XOR per-
forms the exclusive-OR operation between the signal XCKS8
that 1s the mverted main latch signal and the signals XCKO,
CK1, XCK2, CK3, XCK4, CK5, XCK®6, and CK7, respec-
tively. The counter circuit C performs counting of the results
(1.e., the number of H-states). The counter value at this
moment 1s —6.

Then, the control signal SW8 1s turned ON. The calculation
circuit XOR performs the exclusive-OR operation between
the signal XCK8 and the ground GND. The counter circuit C
performs counting of the results (1.e., H-states) for 9 times.
The counter value at the moment 1s —15. In a case where only
the first data signal 1s processed, the counter value at this
moment 1s output from the counter circuit C.

Now, the second data signal 1s processed. Imitially, the
control signal MODE 1s set to an L-state. Accordingly, the
counter circuit C performs the counting with the up-count
mode. Since the control signal RS'T performs no reset opera-
tion, an 1nitial value of the counter value of the counter circuit
C 1s lett to —13. The control signals

SWO through SW7 are sequentially turned ON. The calcu-
lation circuit XOR performs the exclusive-OR operation
between the signal XCKS8 that 1s the inverted main latch signal
and the signals XCK0, CK1, XCK2, CK3, XCK4, CKS5,
XCK6, and CK7, respectively. The counter circuit C performs
counting of the results (1.e., the number of H-states). The
counter value at this moment 1s —12.

Then, the control signal SW8 1s turned ON. The calculation
circuit XOR performs the exclusive-OR operation between
the signal XCKS8 and the ground GND. The counter circuit C
performs counting of the results (1.e., the H-states) for 9 times.
The counter value 1s defined as —12. A result of the exclusive-
OR operation between the signal XCK8 and the ground GND
1s O (1.e., the L-state), so that there 1s no increase/decrease of
the counter value caused due to the counting of the results of
the excusive-OR operation between the signal XCK8 and the
ground GND 9 times.
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As described above, a difference data 12 between the state
15 as the first data signal and the state 3 as the second data
signal can be acquired. The counter circuit C outputs the
counter value indicating the differential processing result.

In the above description, the exclusive-OR operation 1s
performed between the signal XCKS8 that 1s an inverted main
latch signal and the other signals. However, the exclusive-OR
operation may be performed between the main latch signal
CK8, without mnverting the main latch signal CK8, and the
other signals. Further, in the above description, the exclusive-
OR operationis performed. However, a circuit for performing
a nonexclusive-OR operation (XNOR) 1s arranged instead of
the calculation circuit XOR and the output of the circuit 1s
inverted to be input 1nto the calculation circuit AND. The
configuration 1s not necessarily limited thereto.

In the above-described first preferred embodiment of the
present 1vention, with respect to the clock signals CKI1,
CK3, CKS5, and CK7 that are output from the odd numbered
iverting elements, the exclusive-OR operation 1s performed
with the signal XCKS8 that 1s the inverted main latch signal,
whereas, with respect to the clock signals CK0, CK2, CK4,
and CK6 that are output from the even numbered inverting
clements, the exclusive-OR operation 1s performed with the
main latch signal CK8. As described above, the output of the
latch circuit D_8 1s required to be switched, so that the selec-
tion circuit MUX 1s provided 1n a manner as 1llustrated in FIG.
2.

On the other hands, 1n the second preferred embodiment of
the present mvention, since the exclusive-OR operation 1s
performed between the clock signals CK1, CK3, CKS, and
CK7 that are output from the odd numbered inverting ele-
ments and the clock signals XCK0, XCK2, XCK4, and XCK6
that are inverted clock signals output from the even numbered
iverting elements and the signal XCKS8 that 1s the mverted
main latch signal, no switching of the output of the latch
circuit D_8 1s required. Therefore, the selection circuit MUX
illustrated 1n FIG. 2 1s no longer required. That 1s, the circuit
s1ze of the A/D converter circuit can be reduced more than the
circuit size of the first preferred embodiment of the present
ivention.

Third Preferred embodiment

A third preferred embodiment of the present invention will
be described below. FI1G. 9 1llustrates an example of a specific
circuit configuration for realizing a data processing method 1n
accordance with the third preferred embodiment of the
present mmvention. A configuration of the third preferred
embodiment of the present invention will be described below.
A delay circuit for realizing the data processing method in
accordance with the third preferred embodiment of the
present mvention may not be the annulus ring delay circuit
including the mverting elements that are connected so as to
form a ring shape.

A data processing umt 23 illustrated 1n FIG. 9 includes a
latching unit 31 for latching a predetermined number of clock
signals CKO0 through CK7 that are output from the delay
circuit, a calculation unit 32 for calculating the outputs of the
latching unit 31, a lower counting unit 33 for performing
counting based on a calculation result by the calculation unit
32, a switching umit 34 for switching outputs of the latching
unit 31 and the lower counting unit 33, and an upper counting
unit 35 for performing counting of an output from the switch-
ing unit 34 as a count clock. A preferable predetermined
number of the clock signals of the third preferred embodi-
ment of the present mnvention (e.g., 8 i FIG. 9) 1s a power-
of-two.

The lower counting unit 33 and the upper counting unit 35,
respectively, include an up-down counter circuit having an
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up-down count mode. The control signal RST performs a
reset operation and the control signal MODE performs
switching of the count modes. The MSB of the counter circuit
included 1n the upper counting unit 35 1s a flag bit for deter-
mining a positive state or a negative state. Further, in order to
avold the discontinuity (1.e., destruction) of data that may
occur at the moment of switching of the above-described
count modes and the below described count clocks, the lower
counting unit 33 and the upper counting unit 35, respectively,
preferably include a counter circuit having, for example, a
data storage function. The latching unit 31 includes the latch
circuits D_0 through D_7 and latches the logic states of the
clock signals CKO through CK7 at a predetermined time
based on the control signal Hold. The control signals SW0
through SW7, respectively, output predetermined data to the
calculation unit 32 from the latched signals. The control sig-
nal CTL controls the counting performed by the calculation
unit 32 and the lower counting unit 33. The switching unit 34
performs switching of the count clocks by using the control
signal SEL.

Binarization of the lower data signal may be performed by
using the method, for example, in accordance with the first
preferred embodiment or the second preferred embodiment
of the present invention. Alternatively, the binarization of the
lower data signal may be performed by using a method for
obtaining a thermocode as, for example, 1llustrated in FIGS.
10, 11, and 12. In other words, a configuration of the circuit
including the latching unit 31, the calculation unit 32, and the
lower counting unit 33 may be any one of the configurations
illustrated 1n FIG. 2, 6, or 10. However, the configuration 1s
not necessarily limited to them.

In the present configuration, the lower counting unit 1n a
case where the method 1n accordance with the first preferred
embodiment or the second preferred embodiment of the
present invention 1s used includes a 4-bit counter circuit. The
lower counting umt that uses the method for obtaining the
thermocode mncludes a 3-bit counter circuit.

An operation of the data processing unit 23 will be
described with reference to a specific example. The present
description 1s made by exemplifying a case of using the 4-bit
counter circuit (e.g., the method 1n accordance with the first
preferred embodiment or the second preferred embodiment
of the present invention) as the lower counting unit 33. The
number of states of the lower data signals based on the 8 clock
signals output from the delay circuit 1s 16 (i.e., the states 0
through 13). In a case where the counting 1s performed with
the up-count mode, if the state 1s, for example, O, the counter
value 1s also 0 and, 11 the state 1s, for example, 15, the counter
value 1s also 15. In a case where the counting 1s performed
with the down-count mode will be described. When the state
1s 0, the counter value 1s 0. When the state 1s 15, the counter
value 1s —13.

An example of performing differential processing between
the first data signal and the second data signal will be
described below. Each of the data signals includes the lower
data signal and the upper data signal. It 1s provided that the
lower data signal of the first data signal 1s 1n state 15 and the
upper data signal of the first data signal 1s in state 3, and
turther provided that the lower data signal of the second data
signal 1s 1n state 3 and the upper data signal of the second data
signal 1s 1n state 5. In other words, the first data signal corre-
sponds to 63 (=15+16x3) and the second data signal corre-
sponds to 83 (=3+16x5).

Initially, the control signal MODE sets the count mode to
the down-count mode.

Subsequently, the control signal RST resets the counter
values of the lower counting unit 33 and the upper counting,
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unit 35. The counter value at the moment 1s 0. The control
signal SEL 1s set to an L-state. The count clock of the upper
counting umt 35 1s set to an output of the latch circuit D_7 of
the latching unit 31. While the delay circuit 1s operated, the
clock signal CK7 1s mput into the upper counting unit 35
through the latch circuit D_7 and the switching unit 34. The
upper counting unit 35 performs counting of the clock signal
CK7 as the count clock.

A first data signal as a data signal at the moment 1s held at
the first time point at which a predetermined condition 1s
satisfied. At this time point, each of the states that are held 1n
the corresponding latch circuits D_0 through D_7 based on
the control signal Hold corresponds to the lower data signal.
A result of counting performed by the upper counting unit 35
before the first time point corresponds to the upper data sig-
nal. At this time point, a counter value based on the values
held by the lower counting unit 33 and the upper counting unit
35 15 —48 (=-16x%3) based on the counting result of the upper
counting unit 35.

Subsequently, the control signal SEL 1s set to an H-state.
Accordingly, the count clock of the upper counting unit 33 1s
switched to the output of the lower counting unit 33 and
thereby a down-counter circuit in which the lower counting
unit 33 and the upper counting unit 35 are connected to each
other 1s formed. Then, the lower data signal 1s subjected to the
binarization processing. In this binarization processing, the
lower counting unit 33 outputs a clock signal to the upper
counting unit 35 every time the counter value becomes a
predetermined value and the upper counting unit 35 performs
a single count-down based on the clock signal. In this
example, when the counter value counted by the lower count-
ing unit 33 1s switched from O to -1 (equivalent to 13), the
clock signal 1s output to the upper counting unit 35. At the
moment the binarization processing of the lower data signal
ends, the counter value based on the values held by the lower
counting unit 33 and the upper counting unit 35 1s —-63.
Accordingly, binary encoded data based on the first data
signal can be acquired.

Subsequently, the control signal SEL 1s set to an L-state.
Accordingly, the count clock of the upper counting unit 35 1s
switched to the output of the latch circuit D_7 of the latching,
umt 31. At the same time, the control signal MODE sets the
count mode to the up-count mode. No reset operation 1s
performed here with respect to the lower counting unit 33 and
the upper counting unit 35. The counter value at the moment
1s kept as —63. While the delay circuit 1s 1n operation, the
clock signal CK7 1s mput into the upper counting unit 35
through the latch circuit D_7 and the switching unit 34. The
upper counting unit 35 performs counting of the clock signal
CK7 as the count clock.

At the second time point at which a predetermined condi-
tion 1s satisfied, the second data signal as a data signal at the
moment 1s held. At the moment, the states that the control
signal Hold holds 1n the latch circuits D_0 through D_7
correspond to the lower data signal. A result that the upper
counting unit 335 performs the counting between the first time
point and the second time point corresponds to the upper data
signal. At the moment, the counter value based on the values
held by the lower counting unit 33 and the upper counting unit
3515 17 (==63+16x%3).

Subsequently, the control signal SEL 1s set to an H-state.
Accordingly, the count clock of the upper counting unit 33 1s
switched to the output of the lower counting unit 33 to form an
up-counter circuit to which the lower counting unit 33 and the
upper counting umt 35 are connected. Subsequently, the
lower data signal 1s subjected to the binarization processing.
In this binarization processing, the lower counting unit 33
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outputs the clock signal to the upper counting unit 35 every
time the counter value comes to be a predetermined value.
The upper counting unit 35 performs the counting by a single
count-up based on the clock signal. In this example, when the
counter value counted by the lower counting unit 33 is
switched from -1 (equivalent to 15) to 0, the clock signal 1s
output to the upper counting unit 35. At the moment at which
the binarization processing of the lower data signal ends, the
counter value based on the values held by the lower counting
unit 33 and the upper counting unit 35 1s 20. Accordingly,
binary encoded data based on the difference data between the
first data signal and the second data signal can be acquired.

The lower counting unit 33 outputs lower data included in
the binary encoded data. The upper counting unit 35 outputs
upper data included 1n the binary encoded data.

In the third preferred embodiment of the present invention,
the switching unit 34 and the upper counting unit 35 are added
to the configuration of the data processing unit described in,
for example, the first preferred embodiment and the second
preferred embodiment of the present mvention. However,
since only the minimum configuration 1s added and thus just
a single line for connecting the latch circuit D_7 with the
switching unit 34 1s added 1n order to connect the latching unit
31 with the encoder circuit, a circuit size of the A/D converter
circuit can be reduced more than the case where the encoder
circuit illustrated 1n FIG. 14 1s used.

Fourth Preferred embodiment

A fourth preferred embodiment of the present invention
will be described below. FIG. 13 illustrates an example of a
schematic configuration of the (C) MOS solid-state 1mage
pickup device in accordance with the fourth preferred
embodiment of the present invention. A solid-state 1mage
pickup device 1 illustrated in FIG. 13 includes an image
capturing unit 2, a vertical position selection unit 12, a read
out-current source unit 5, an analogue unit 6, a clock genera-
tion unit 18, aramp umt 19 (i.e., areference signal generation
unit), a column processing unit 135, a horizontal position
selection unit 14, an output umt 17, and a control unit 20.

The 1mage capturing unit 2 includes a plurality of umnit
pixels 3 for generating and outputting signals based on the
amount of incident electromagnetic wave. The plurality of the
unit pixels 3 are arranged 1n matrix. The vertical position
selection unit 12 selects each of the rows of the 1image cap-
turing unit 2. The read out-current source unit 5 reads out a
signal from the image capturing unit 2 as a voltage signal. The
analogue unit 6 mncludes an Auto Gain Control (AGC) circuit
or the like having, as required, a signal amplification function
although a detailed description of the analogue unit 6 1s omit-
ted here. The clock generation unit 18 generates each of the
clocks. The ramp unit 19 generates a reference signal (1.e., a
ramp wave) that increases or decreases as time advances. The
column processing unit 15 1s connected to the ramp unit 19
through a reference signal line 119. The horizontal position
selection unit 14 reads out the A/D converted data and outputs
the data to a horizontal signal line 117. The output unit 17 1s
connected to the horizontal signal line 117. The control unit
20 controls each of the unaits.

In FIG. 13, a case of the image capturing unit 2 including
the unit pixels 3 of 4 rowsx6 columns 1s described for the sake
of simple description. Actually, however, several tens of or
several tens of thousands of unit pixels 3 are arranged in each
row and each column of the image capturing unit 2. Although
illustration thereotf 1s omitted here, the unit pixels 3 included
in the 1image capturing unit 2 includes a photoelectric conver-
s1ion element such as a photodiode, a photogate, and a pho-
totransister and a transistor circuit.
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In this system configuration, a peripheral driving system
and a peripheral signal processing system for drive-control-
ling each of the unit pixels 3 of the image capturing unit 2, 1.¢.,
peripheral circuits such as the vertical position selection unit
12, the horizontal position selection unit 14, the column pro-
cessing unit 15, the output unit 17, the clock generation unit
18, the ramp unit 19, and the control unit 20, are integrally
formed 1n a semiconductor area made of a single crystal
s1licon, together with the 1mage capturing unit 2, by using a
technique similar to a techmque for manufacturing a semi-
conductor integrated circuit.

Each of the units will be described 1n more detail. In the
image capturing unit 2, the unit pixels 3 are arranged two-
dimensionally by 4 rowsx6 columns as well as row control
lines 11 are wired to this 4-rowx6-column pixel arrangement.
Each of the ends of the row control lines 11 1s connected to
cach of the output terminals corresponding to each of the
columns ofthe vertical position selection unit 12. The vertical
position selection umt 12 includes a shift resister or a decoder
and, upon driving each of the unit pixels 3 of the image
capturing unit 2, controls row addresses and row scanning of
the 1image capturing unit 2 through the row control lines 11.
Further, vertical signal lines 13 are wired to each of the
columns, respectively, with respect to the pixel arrangement
of the image capturing unit 2.

The read out-current source unit 5 reads out a signal from
the 1mage capturing unit 2 as a voltage signal.

The column processing unit 15 includes ADC units 16
provided for, for example, each of the rows of pixels of the
image capturing unit 2, 1.¢., for each of the vertical signal lines
13. The column processing unit 135 converts an analogue pixel
signal read out through each of the vertical signal lines 13 for
cach of the rows of pixels from each of the unit pixels 3 of the
image capturing unit 2 into digital data. In the fourth preferred
embodiment of the present invention, the ADC units 16 are
arranged with a relationship of one for one with respect to the
rows ol pixels of the image capturing umit 2. However, this 1s
a mere example, and the relationship therebetween i1s not
limited to the above-described arrangement. The following
configuration 1s also employable. That 1s, for example, a
single ADC unit 16 1s arranged with respect to the plurality of
rows of pixels and this single ADC unit 16 1s used 1n a
time-shared manner between the plurality of rows of pixels.
The column processing unit 15 1s included, together with the
below described ramp unit 19 and the clock generation unit
18, 1n an analogue-digital conversion unit for converting ana-
logue pixel signals read out from the unit pixels 3 of a selected
pixel row of the image capturing unit 2 into digital pixel data.
This column processing unit 15, more specifically, the ADC
units 16, 1s/are described below 1n detail.

The ramp unit 19 includes, for example, an integrating,
circuit. The ramp unit 19 generates a so-called ramp wave of
which level increasingly/decreasingly changes as time
advances based on a control by the control unit 20. The ramp
umt 19, then, supplies thus generated ramp wave to one of
input terminals of each of voltage comparing units 108
through a reference signal line 119. The ramp unit 19 1s not
limited to the one using the integrating circuit but may be the
one using the DAC circuit. However, 1n a case where the ramp
wave 1s digitally generated by using the DAC circuit, such a
configuration 1s required so that the ramp wave 1s to be made
into finer steps or produces an equivalent etiect.

The horizontal position selection unit 14 includes a shift
resister or a decoder. The horizontal position selection unit 14
controls the column addresses or the scanning of the columns
of the ADC unit 16 of the column processing unit 15. Accord-
ing to this control performed by the horizontal position selec-
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tion unit 14, the digital data after AD-converted by the ADC
units 16 are sequentially read out and output to the horizontal
signal line 117.

The clock generation unit 18 includes a VCO101 as the
delay circuit to which the delay unit (1.e., the mnverting ele-
ments) 1s connected. For example, 11 8 delay units (all having
the same configurations) included 1in the VCO101 as lower

bits are connected to the clock generation umit 18, the
VCO101 outputs 8-phase clocks CK0,CK1, CK2, CK3, Ck4,

CKS, CK6, and CK7. The delay circuit included in the
VCO101 may be an annulus ring delay circuit including the
plurality of mverting elements that are connected to each
other so as to form a ring shape.

The output unit 17 outputs binarized digital data. Further,
the output unit 17 may include therein, for example, signal
processing functions such as a black level adjustment func-
tion, a column variation correction function, and a color pro-
cessing function, 1n addition to a buffering function. Still
turther, the output unit 17 may convert n-bit parallel digital
data into serial data and output the converted serial data.

The control unit 20 includes a function block of a Timing,
Generator (1TG) for supplying a clock signal and a pulse signal
of a predetermined timing that are required for an operation of
cach of the ramp unit 19, the clock generation unit 18, the
vertical position selection unit 12, the horizontal position
selection unit 14, and the output unit 17 and a function block
for establishing a communication with this TG. The control
unit 20 may be provided as a separate semiconductor inte-
grated circuit independent from the other functional elements
such as the image capturing unit 2, the vertical position selec-
tion unit 12, and the horizontal position selection unit 14. In
that case, a combination of an image capture apparatus
including the image capturing unit 2, the vertical position
selection unit 12, the horizontal position selection unit 14,
and the like and the control unit 20 forms an 1mage capture
apparatus as an example of the semiconductor system. This
image capture apparatus may be provided 1n the form of an
image capture module 1n which peripheral signal processing
devices and a power source circuit are installed.

A configuration of each of the ADC units 16 will be
described below. The ADC umt 16 compares the analogue
pixel signal read out from each of the unit pixels 3 of the
image capturing unit 2 through the corresponding vertical
signal lines 13 with a ramp wave that 1s grven from the ramp
unit 19 for the sake of performing A/D conversion. As a result,
the ADC unit 16 generates a pulse signal having a size (1.¢., a
pulse width) in a time axis direction corresponding to each of
s1zes ol a reset level (1.e., a reference level) and a signal level.
Then, the data corresponding to a period of the pulse width of
this pulse signal 1s A/D-converted into digital data corre-

sponding to the size of the pixel signal.
A configuration of each of the ADC units 16 will be

described below 1n detail. The ADC unit 16 1s provided for
cach column and thus 6 ADC units 16 are provided in FI1G. 13.
Every ADC unit 16 of all of the columns has the same con-
figuration. Each ADC unit 16 includes voltage comparing
units 108 and latching units 116 each including a lower latch-
ing unit 105, a binarnizing circuit 104, and a column counter
103. The assumed column counter 103 here 1s a counter
circuit having a latching function that holds a logic state of the
column counter 103. Accordingly, it becomes no more nec-
essary to have an upper latching unit additionally built-in. A
lower latching unit 105 corresponds to the latching unit 31 of
FIG. 9. The binarizing circuit 104 corresponds to a combina-
tion of the calculation unit 32, the lower counting unmit 33, and
the switching unit 34 of FIG. 9. The column counter 103
corresponds to the upper counting unit 35 of FIG. 9.
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Each of the voltage comparing units 108 compares a signal
voltage based on the analogue pixel signal output from the
corresponding unit pixels 3 of the image capturing unit 2
through the corresponding vertical signal line 13 with the
ramp wave output from the ramp unit 19, thereby converting
the size of the pixel signal 1nto information in the time axis
direction (1.¢., the pulse width of the pulse signal). The com-
parative value output from the voltage comparing unit 108
becomes a High level, for example, when the ramp voltage
becomes larger than the signal voltage, whereas the compara-
tive value output from the voltage comparing unit 108
becomes a Low level, for example, when the ramp voltage
becomes equal to or smaller than the signal voltage.

Each of the lower latching units 105 recerves the compara-
tive value output from the voltage comparing unit 108 and
thereby latches (holds/stores) the logic state generated by the
clock generation unit 18 1n the form of a lower data signal at
a timing this output comparative value 1s mnversed. The lower
data signal latched by the lower latching unit 103 here 1s, for
example, 8-bit data. Also, the upper data signal based on the
counting result of each of the column counters 103 is, for
example, 10-bit data. This 10-bit data 1s a mere example and
the upper data signal may be less than 10 bit data (e.g., 8-bit
data) or may be more than 10-bit data (e.g., 12-bit data) or the
like.

An operation of the fourth preferred embodiment of the
present invention will be described below. A detailed descrip-
tion of the operation of the umt pixels 3 1s omitted here.
However, as it 1s well known, the reset level and the signal
level are output 1n the unit pixels 3.

The A/D conversion 1s performed 1n a manner as described
below. For example, the ramp wave that decreases while
forming a predetermined decreasing line 1s compared with a
voltage of each ol the reset level or the signal level as the pixel
signals from the unit pixels 3 and performs the counting by a
clock signal output from the VCO101 (e.g., CK7 correspond-
ing to the output QQ of the latch circuit D_7 of the latching unit
31 of FIG. 9) 1n a period between a time at which the ramp
wave to be used 1n this comparison processing 1s generated
and a time at which the signal based on the reset level or the
signal level matches the ramp wave (1.¢., the ramp voltage) as
well as performs measurement of the logic states of a multi-
phase clock having predetermined phase differences, respec-
tively, (1.e., CK0 through CK7 corresponding to the outputs ()
of the latch circuits D_0 through D_7 of the latching unit 31
ol F1G. 9), thereby acquiring digital data corresponding to the
s1ze of the reset level or the signal level.

A reset level including noise of the pixel signal 1s read out
by a first reading operation, as an analogue pixel signal, from
cach of the unit pixels 3 of the selected row of the image
capturing unit 2. Then, the signal level 1s read out by a second
reading operation. The reset level and the signal level are
input mto the ADC unit 16 1n time series through the vertical
signal lines 13. The operation of each of the first reading
operation and the second reading operation and the subse-
quent calculation processing are described below 1n detail.
First Reading Operation

After a state of the first reading from the unit pixels 3 of a
predetermined pixel row to the corresponding vertical signal
line 13 becomes stable, the control unit 20 supplies control
data for generating the ramp wave to the ramp unit 19. In
receiving the control data, the ramp unit 19 outputs a ramp
wave, ol which the wave form changes based on a ramp shape
in 1ts entirety through time, as a comparative voltage to be
applied to one of the input terminals of the corresponding
voltage comparing unit 108. The voltage comparing unit 108
compares this ramp wave with the reset level. During this
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time, the corresponding column counter 103 performs count-
ing of the clock signal output from the VCO101 as the count
clock. Preferably, a timing at which the clock signal of the
VCO101 1s begun to be output 1s about the same time as a
timing at which the ramp wave 1s begun to be output.

Each of the voltage comparing units 108 compares the
ramp wave supplied from the ramp unit 19 with the reset level
and, when the voltages of the ramp wave and the reset level
approximately match to each other (1.e., at a first timing), the
comparative output 1s inverted. At this first timing, each of the
lower latching units 105 holds the lower logic state of the
VCO101. Further, at this first timing, each of the column
counters 103 stops the counting operation 1n order to hold the
upper logic state. As a result thereot, the first data signal 1s
held by the lower latching unit 105 and the column counter
103. The control unit 20 stops a supply of the control data to
the ramp unit 19 and an output from the clock generation unit
18 after a predetermined time lapsed. Accordingly, the ramp
unit 19 stops generation of the ramp wave.

Thereafter, the first data signal 1s subjected to the binariza-
tion processing based on the method described in the third
preferred embodiment of the present invention. Accordingly,
digital data based on the first data signal can be acquired.
Subsequently, this digital data as an 1nitial value 1s set to each
of the binarizing circuits 104 and each of the column counters
103 1n the second reading.

Second Reading Operation

Subsequently, upon the second reading, a signal level 1n
response to an incident light amount per each unit pixels 3 1s
read out and an operation 1dentical to that of the first reading
1s performed. After a state of the second reading operation
from the unit pixels 3 of a predetermined pixel row to the
corresponding vertical signal line 13 becomes stable, the
control unit 20 supplies control data for generating the ramp
wave to the ramp unit 19. In recerving the control data, the
ramp unit 19 outputs a ramp wave, of which wave form
changes to a ramp shape 1n 1ts entirety through time, as the
comparative voltage to be applied to one of the mnput termi-
nals of each of the voltage comparing units 108. Each of the
voltage comparing units 108 compares this ramp wave with
the signal level. During this period, each of the column
counters 103 performs counting of the clock signal output
from the VCO101 as the count clock. Preferably, a timing at
which the clock signal of the VCO101 1s begun to be output 1s
to be at about the same time as a timing at which the ramp
wave 15 begun to be output.

Each of the voltage comparing units 108 compares the
ramp wave supplied from the ramp unit 19 with the signal
level and, when the voltages almost match to each other (at a
second timing), the comparative output 1s mverted. At this
second timing, each of the lower latching units 105 maintains
the lower logic state of the VCO101. Further, at this second
timing, each of the column counters 103 stops the counting,
operation thereof, thereby holding the upper logic state
thereof. As a result thereof, each of the lower latching units
105 and each of the column counters 103 store a second data
signal. The control unit 20 stops supply of control data to the
ramp unit 19 and output from the clock generation unit 18
alter a predetermined time lapses. Accordingly, the ramp unit
19 stops generation of the ramp wave.

Then, the second data signal 1s subjected to the binarization
processing based on the method described in the third pre-
ferred embodiment of the present mmvention. Accordingly,
digital data based on difference data between the first data
signal and the second data signal can be acquired. Finally, the
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digital data 1s output by the horizontal position selection unit
14 through the horizontal signal line 117 to be transferred to
the output unit 17.

Accordingly, the differential processing of the pixel signal
can be performed digitally within the columns that are
arranged with narrow pitches.

As used herein, the following directional terms “forward,
rearward, above, downward, right, left, vertical, horizontal,
below, and transverse” as well as any other similar directional
terms refer to those directions of an apparatus equipped with
the present invention. Accordingly, these terms, as utilized to
describe the present invention should be interpreted relative
to an apparatus equipped with the present invention.

The term “configured” 1s used to describe a component,
section or part of a device includes hardware and/or software
that 1s constructed and/or programmed to carry out the
desired function.

Moreover, terms that are expressed as “means-plus func-
tion” 1n the claims should include any structure that can be
utilized to carry out the function of that part of the present
invention.

The terms of degree such as “substantially,” “about,”
“nearly”, and “approximately” as used herein mean a reason-
able amount of deviation of the modified term such that the
end result 1s not significantly changed. For example, these
terms can be construed as including a deviation of at least 5
percents of the modified term 1f this deviation would not
negate the meaning of the word 1t modifies.

The term “unit”™ 1s used to describe a component, section or
part of a hardware and/or software that 1s constructed and/or
programmed to carry out the desired function. Typical
examples of the hardware may include, but are not limited to,
a device and a circuit.

While preferred embodiments of the present mmvention
have been described and 1llustrated above, it should be under-
stood that these are examples of the present invention and are
not to be considered as limiting. Additions, omissions, sub-
stitutions, and other modifications can be made without
departing from the scope of the present mvention. Accord-
ingly, the imnvention 1s not to be considered as being limited by
the foregoing description, and 1s only limited by the scope of
the claims.

What 1s claimed 1s:

1. A data processing method that performs a differential
processing between a first data signal and a second data signal
based on an output of a delay circuit, the delay circuit includ-
ing a plurality of inverting elements that are connected to each
other, the data processing method comprising:

a first data processing on the first data signal, the first data

processing comprising:

counting, by an upper counting unit, one of a plurality of
clock signals output from the delay circuit with a first
mode, the first mode being either one of a down-count
mode and an up-count mode;

counting, by a lower counting umt, clock signals based
on a predetermined number of the plurality of clock
signals output from the delay circuit with the first
mode, to output a first clock signal to the upper count-
ing unit every time a counter value becomes a first
predetermined value; and

counting, by the upper counting unit, the first clock
signal from the lower counting unit with the first
mode;

a second data processing on the second data signal, the

second data processing comprising:
counting, by the upper counting unit, one of the plurality
of clock signals output from the delay circuit with a

- 4 4
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wherein a data processing method, which 1s performed by
the upper counting unit and the lower counting unait,
COMpPrises:
a first data processing on a first data signal, the first data
processing comprising:
counting, by the upper counting unit, one of a plurality of
clock signals output from the delay circuit with a first
mode, the first mode being either one of a down-count
mode and an up-count mode;
counting, by the lower counting unit, clock signals based

second mode, the second mode being the other one of
the either one of the down-count mode and the up-
count mode, while the value counted with the first
mode 1s considered as a first initial value;
counting, by the lower counting unit, clock signals based >

on the predetermined number of the plurality of clock
signals output from the delay circuit with the second
mode, to output a second clock signal to the upper

counting unit every time the counter value becomes a
10

second predetermined value while the value counted
with the first mode 1s considered as a second 1nitial
value; and

on a predetermined number of the plurality of clock
signals that 1s latched by the lower latching unit with
the first mode, to output a first clock signal to the

upper counting unit every time a counter value

counting, by the upper counting umit, the second clock _
becomes a first predetermined value; and

signal from the lower counting unit with the second

mode: and 15 counting, by the upper counting unit, the first clock
. signal from the lower counting unit with the first
outputting the counter values counted by the upper count- mode:

ing unit and the lower counting unit with the second

_ : a second data processing on a second data signal, the sec-
mode as difference data between the first data signal and

ond data processing comprising;:

the second data signal. 20 counting, by the upper counting unit, one of the plurality
2. The data processing method according to claim 1, further of clock signals output from the delay circuit with a
comprising: second mode, the second mode being the other one of

the either one of the down-count mode and the up-
count mode, while the value counted with the first

mode 1s considered as a first initial value;
counting, by the lower counting unit, clock signals based
on the predetermined number of the plurality of clock
signals that 1s latched by the lower latching unit with
the second mode, to output a second clock signal to
30 the upper counting unit every time the counter value
becomes a second predetermined value while the
value counted with the first mode 1s considered as a
second 1nitial value; and
counting, by the upper counting unit, the second clock
signal from the lower counting unit with the second
mode; and
outputting the counter values counted by the upper count-
ing unit and the lower counting unit with the second
mode as difference data between the first data signal and
the second data signal that are based on the output from
the delay circuit according to the pixel signals.
4. The solid-state image pickup device according to claim
3, wherein
the pixel signals include a reference level and a signal level,
the first data signal 1s based on an output of the delay circuit
according to either one of the reference level and the
signal level, and
the second data signal 1s based on an output of the delay
circuit according to another one of the reference level
and the signal level.

performing the counting with the down-count mode and
the up-count mode, an up-down counter capable of
switching modes being shared between the down-count 25
mode and the up-count mode, a processing mode of the
up-down counter being switched to perform the count-
ng.

3. A solid-state image pickup device, comprising:

a 1mage capturing unit comprising a plurality of pixels
which output pixel signals based on the amount of 1nci-
dent electromagnetic waves, arranged 1n a matrix shape;

a reference signal generation unit configured to generate a
reference signal that increases or decreases through
time; 33

a comparison unit configured to perform a comparison
between the pixel signals output from the pixels and the
reference signal, which are to be A/D converted, and
ends the comparison at a timing that the reference signal
satisfies a predetermined condition with respect to the 4V
pixel signal;

a delay circuit having a plurality of inverting elements;

an upper counting unit configured to perform counting of
clock signals from the delay circuit;

a lower latching unit configured to latch a predetermined 4>
number of clock signals output from the delay circuit at
a timing based on the end of the comparison processing;
and

a lower counting unit configured to perform counting of
clock signals based on the predetermined number of the >
clock signals latched by the lower latching unit, I I
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